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INTRODUCTION. 
An enormous amount of work has been done to discover the part 
which the bovine ,bacillus plays  in  human tuberculosis,  and  I  wish 
to  record some interesting  facts  which were  revealed in  this  con- 
nection by a study of a consecutive series of cases of bone and joint 
tuberculosis. 
With three exceptions the cases  were limited to  children twelve 
years of age and under.  Geographically speaking,  the subjects in- 
habited  a  comparatively localized area,--Edinburgh  and  its  neigh- 
borhood;  a  large number came  from the  Royal  Hospital  for  Sick 
Children.  Without  exception the material was obtained by opera- 
tion.  Out  of  a  total  of  seventy,  thirty-nine  were  cases  of  joint 
disease,  thirty-one  of  bone  disease.  The  series  has  special  char- 
acters  which  distinguish  those  on  which  work  of  a  similar  kind 
previously  recorded  has  been  based;  the  numbers  are  sufficiently 
great to allow definite conclusions to be drawn, and the age limit is 
one of the most important features. 
It is now recognized that by means of certain tests  it is possible 
to  distinguish  definitely between the  bacilli  of  human  and  bovine 
tuberculosis.  By  work  done  along  such  distinguishing  lines,  the 
organismal cause of every case was systematically investigated and 
ultimately  relegated  to  its  special  class.  I  shall  now  record  the 
result of this  investigation and a  criticism of its bearing. 
* Received for publication, June  6,  I9x2. 
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TEcHNIqUE. 
Isolation  of  the  Bacillus.--No  attempt  was  made to  isolate  the 
bacillus by direct cultivation.  Guinea pigs were inoculated with the 
diseased material; tuberculous bone or synovial membrane was im- 
planted en masse beneath the skin of the flank.  An animal so in- 
fected  was  permitted  to  live  for  four  or  six  weeks;  during  this 
time the  condition of the animal  was  noted  and  a  careful  weight 
history kept.  At the end of the period tlle animal was killed and 
from  the  tuberculous  organs,  more  especially the  glands  and  the 
spleen,  cultures  were  made  upon  suitable  media.  The  most  suc- 
cessful cultures were made  from the caseous  interiors  of diseased 
glands, but any tuberculous tissue when thoroughly broken down is 
suitable. 
Cultivation  of  the  Bacillus.MMany  varieties  of  culture  media 
were experimented with,  but by experience it  was  found that two 
were most reliable,  plain egg medium  (Dorset  (I) )  and  glycerin 
egg medium  (Lubenau  (2)).  To  these two  standard  media was 
added a third, blood egg medium, for which the surface of the plain 
egg medium was  smeared with  a  small  quantity of  sterile  human 
blood.  The  bacillus  grows  more  readily  if  this  last  detail  is 
observed. 
The diseased material was rubbed upon the surface of the culture 
tubes  with  some  sterile flat  instrument;  a  small  platinum  spud  is 
one  of  the  most  suitable.  Tubes  so  inoculated were  sealed  with 
paraffin  to  prevent  evaporation  and  to  diminish  the possibility  of 
infection by moulds.  About  ten days  after inoculation  a  growth 
was  usually apparent. 
Differentiation  of the Bacilli.--With the successful growth of the 
organism in pure culture, the first stage of the investigation might 
be said to have been completed, and it remained to form an opinion 
as to which class  the organism belonge&  To do so the organism 
was submitted to a  series of tests. 
A  number  of  tests  were  introduced;  some  of  them  were  sug- 
gestive in their significance, while others were in my view absolute. 
As a  routine practice I  have employed five: (a)  the original culture 
test;  (b)  the  morphological  test;  (c)  the  special  culture  test; 
(d)  Theobald  Smith's  test;  (e)  the inoculation test. 434  Tubercle Bacilli in Bone and Joint Tuberculosis. 
(a)  Original  Culture  Test.--Smith  (3)  noted  cultural  distinc- 
tions  between  different strains  of  tubercle bacilli  when they were 
grown  upon  blood  serum.  Ravenal  (4)  described  similar  dis- 
tinctions upon glycerin agar,  and Dorset upon egg medium.  The 
British  Royal  Commission  (5)  found  such  a  constant  distinction 
that  they  formulated  two  classes;  a  eugonic,  or  readily  growing 
class,  and  a  dysgonic,  or  slowly growing  class.  To  the  first  the 
great  majority  of  human  bacilli  belong.  Bovine  bacilli  are  most 
suitably described under the second heading.  This  test  cannot be 
considered absolute because a  margin of error exists in those cases 
which are on the border line between eugony and dysogony, but  it 
is  useful in  so  far as  it  forms the  first clue.  A  rapidly growing 
and profuse culture is likely to be human in type, while a  weak and 
scanty growth is in all probability bovine. 
The fallacies of the test have been discussed by Rabinowitsch (6), 
Fibiger and Jensen  (7),  Park and Krumwiede (8). 
(b) Morphological Test.--At one time it was believed that struc- 
tural differences between the strains of tubercle bacilli might prove 
of value  as  a  distinguishing  test.  The  human bacillus  is  usually 
considered to be slender, regular in shape, and long, while the bovine 
bacillus  is  squat  and thick  (Kossel,  Weber,  and  Heuss  (9)).  If 
these differences were constant the tes.t might be a valuable one, but 
if the test is to be of any assistance the bacilli must be observed in an 
early  and  original  culture;  prolonged  residence  or  multiple  sub- 
culture  tends to  produce a  common morphological mean.  Dorset 
affirms  that  he  found  no  such  distinctive  features  between  the 
bacilli, and his views are in agreement with those of Wolbach and 
Ernst  (IO). 
If the observer is careful to examine the early and original cul- 
ture,  the test is useful as a  suggestive one. 
In tubercle bacilli  there  has  been  frequently noted the presence 
of deeply staining,  spore-like bodies, and they have been described 
in considerable detail by Coppen-Jones  (II).  I  have  found these 
occurring most constantly in bacilli from a human source, and their 
presence is best demonstrated by the use of Much's stain. 
(c)  Special  Culture  Test.--The  presence  of  glycerin  has  a 
restraining effect upon the growth of the bovine bacillus  (Moeller John Fraser.  435 
(I2)),  but  it  has  rather  a  stimulating  effect upon  the growth  of 
the  human  bacillus  (Cobbett  (I3)).  The  glycerin  is  best  in- 
corporated in  such a  medium as  glycerin egg.  This  test  must be 
employed from primary cultures, as the vegetative capacities of the 
bovine  bacillus  increase  upon  frequent  subculturing.  My  experi- 
ence has  .been  that  it  constitutes  a  most  valuable  test.  One  may 
say that all cultures growing luxuriantly from the beginning upon 
glycerin egg medium are of the human type, while cultures grow- 
ing  sparsely  or  even  not  at  all  on  this  medium  are  bovine  in 
character. 
(d)  Theobald  Smith's  Test.--By  inoculating  glycerin  bouillon 
medium it is possible to produce upon the surface a pellicular growth 
of tubercle.  The rate of growth of the pellicle is an indication of 
the type of bacillus, but the development of the pellicle gives rise to 
a  change  in  reaction,  which  is  valuable  as  a  distinguishing  test. 
Before the medium is  inoculated its  acidity is  carefully estimated 
by titration and made up to a standard reaction by adding 0.0  5 N/5 
of  hydrochloric  acid  to  glycerin  bouillon  neutral  to  litmus.  As 
the  organism  grows  and  the  pellicle  develops,  in  the  human  case 
the  acidity increases,  while  in  the  instance  of  the bovine bacillus, 
the acidity for a time diminishes and the medium may even become 
alkaline.  It  is  recognized that  the reaction actually depends upon 
the different rates of growth of the two varieties of bacilli. 
Theobald  Smith  (I4)  introduced the  test,  and  in  a  number of 
cases he  found it thoroughly reliable.  Bang  (I5)  tested the reac- 
tion  upon  twelve  strains  of  the  avian 'bacillus,  using  four human 
and bovine bacilli  as controls; he  found the  reaction constant and 
he  found  moreover that  the  avian  bacillus  had  the  same  reaction 
curve as the bovine bacillus. 
I  applied  the test in eleven cases and my results,  so  far as they 
go,  support  Smith's  view as  to  the  value  of  the  test.  The  main 
difficulty of the reaction lies in obtaining a  suitable surface pellicle. 
The best way to obtain it is to grow the organism primarily upon a 
tube of egg medium, with a  small quantity of glycerin bouillon in 
the  bottom of the  tube.  As the organism grows  it  extends  from 
the solid medium over the surface of the bouillon in the form of a 
pellicle;  this  pellicle  may later  be  transferred to  the  Ehrlenmeyet 436  Tubercle Bacilli in Bone and Joint Tuberculosis. 
flask  in  which  the  test  medium  is  stored  (Smith).  If  it  is  im- 
possible to obtain such a  pellicle, it is possible to form one upon the 
surface  of  the  medium;  this  is  done  by  loading  the  loop  of  a 
platinum  needle  with  the  dried  culture  and  gradually  scattering  it 
over the surface.  It does not sink, but remains as a  thin pellicle. 
From a  medium  so inoculated five cubic centimeters  of fluid are 
removed  every  ten  days,  and  the  reaction  estimated  by  titration. 
Smith  recommends  that  the  medium  be  titrated  when  hot;  before 
titration  it ought to be diluted to  Io per cent.  of its usual strength. 
The  titration  results  may be graphically  demonstrated  by plotting 
them upon a  curve. 
(e)  Inoculation  Test.--It  has  long  been  noted  that  tuberculous 
material  from  different  sources  varied  in  its  effects upon  bovines 
and  upon man.  Villemin  (I6)  observed the  fact,  and  Smith  may 
be said to have formulated it into a test; he published articles on the 
subject in  I896  (3)  and  I898  (I7). 
The  test may be stated  as  follows:  If  a  rabbit  with  an  average 
weight of 2,000 grams is inoculated with a small known quantity of 
tubercle bacilli  it  will react  to the  inoculation  in various ways.  If 
a  human  bacillus  is  employed, the  resulting  lesions  are  small  and 
few in number,  and  after a  time they show a  tendency to undergo 
retrogression.  If death  occurs, it  is usually more than  six months 
after  the  original  inoculation,  and  frequently  tuberculosis  is  not 
the  cause  of  death.  If  a  bovine  bacillus  is  used,  an  acute  dis- 
"seminated tuberculosis develops which is rapidly  fatal. 
I began my investigation as to the exact amount of tubercle which 
ought  to be introduced  by performing  a  series of ten  experiments, 
and  I  injected one milligram  of tubercle  intravenously.  A  second 
series of thirty  experiments  was done,  and  o.I  of a  milligram  was 
employed.  Different  strains  were  employed  in  each  series. 
Finally, the foregoing forty experiments were repeated, and o.oI  of 
a milligram was used.  In these three series the results corresponded, 
but I  have no hesitation in recommending o.oI of a milligram as the 
most  satisfactory  amount  for  intravenous  inoculation.  This  does 
not mean  th'at the  use of larger  amounts  would introduce  any am- 
biguity of result, but the employment of the smallest dose necessarily 
presupposes  a  corresponding  degree  of  delicacy  in  the  test.  The TABLE  I. 
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I 
2 
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II 
x3 
I4 
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43 
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53 
54 
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60 
6I 
62 
63 
64 
65 
66 
67 
68 
69 
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~V~. C. 
J.F. 
D.D. 
J.G. 
J.Y. 
A.M. 
H.J. 
G.Y. 
M.G. 
M.S. 
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Details of case. 
Disease. 
T. B. Hip 
T. B, Hip 
T. B. Hip 
T. B, Ulna 
T. B. Knee 
T. B. Elbow 
T. B. Knee 
T. B. Dactylitis 
T.  B. Tibia 
T. B. Knee 
T. B. Daetylitis 
T. B. Ankle 
T.  B. Femur 
T.  B. Tarsus 
T, B. Hip 
T. B, Dactylitis 
T. B. Dactylitis 
T. B. Knee 
T. B. Dactylitis 
T. B. Tibia 
T. B. Skuh 
T.  B. Dactylitis 
T. B. Ankle 
T. B. Humerus 
T. B. Dactylitis 
T.B,  Knee 
T. B. Ankle 
T, B. Dactylitis 
T. B. Ulna 
T. B. Dactylitis 
T. B. Elbow 
T. B. Tarsus 
T. B. Knee 
T. B. Ilium 
T. B. Tarsus 
T. B. Ankle 
T. B. Malar 
T.  B. Tibia 
T. B. Hip 
T. B. Elbow 
T. B. Femur 
T. B. Joint 
T. B. Hip 
T. B. Hip 
T. B. Skull 
Family hlJtory, 
T. B. Pulmonary 
T. B. Pulmonary 
T. B. Pulmonary 
1 
T. B. Pulmonary 
T. B. Pulmonary 
T.  B. Pulmonary 
T. B. Pulmonary 
T. B. Pulmonary 
T. B. Lesions 
T. B. Pulmonar 
T. B. Pulmonar 
T. B. Pulmonary 
T. B. Gland 
T. B. Pulmonar 
T. B. Pulmonary~ 
T. B. Pulmonary 
T. B, Hip 
T. B. Hip  T.B. Pulmonary 
T. B. Hip 
T. B. Hip  T.B. Pulmonary 
T. B. Knee  T.B.  Meningitis 
T. B. Femur 
T. B. Hip 
T. B. Dactylitis 
T. B. Dactylitis  T. B. Pulmonary 
T. B. Knee  T.B. Pulmonary 
T. B, Hip 
T. B. Ankle  T.B. Pulmonary 
T. B. Femur 
T. B. Hip 
T  B. Dactylitis  T.B. 
T. B. Vertebral 
T. B. Ankle  T  B. Pulmonary 
T. B. Femur  T.B. Gland 
T. B. Tibia  i 
T. B. Ankle  IT. B. Pulmonary 
T. B. Hip 
T. B. Os. Culture  1 
T.  B  Hip 
T. B. Hip 
T. B. Ankle  T.B. Pulmonary 
Infantile milk 
supply. 
Breast fed 
Breast fed 
Breast fed 
Cow's milk 
Cow's milk 
Breast fed 
Cow's milk 
Breast fed 
Cow's milk 
Cow's milk 
Cow's milk 
Cow's milk 
Cow's milk 
Breast fed 
Cow's milk 
Cow's milk 
Cow's milk 
Breast fed 
Cow's milk* 
Cow's milk 
Breast fed 
Cow's milk 
Cow's milk 
Cow's milk 
Cow's milk 
Breast fed 
Breast fed 
Cow's milk 
Cow's milk 
Cow's milk 
Cow's milk 
Cow's milk 
Cow's milk 
Cow's milk 
Cow's milk 
Breast fed 
Cow's milk 
Breast fed 
Breast fed 
Breast fed 
Cow's milk 
Cow's milk 
Cow's milk 
Breast fed 
Cow's milk 
Cow's milk 
Breast fed 
Cow's milk 
Cow's milk 
Cow's milk 
Breast fed 
Breast fed 
Breast fed 
Breast fed 
Breast fed 
Cow's milk 
Breast fed 
Breast fed 
Cow's milk 
? 
? 
? 
Cow's m~Ik 
Cow's milk 
Breast fed 
Cow's milk 
Cow's milk 
Cow's milk 
Breast fed 
Breast fed 
Culture test. 
Human 
Human 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Haman 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Hun.an 
Bovine 
Bovine 
Bovine 
? 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Human 
Bovine 
Human 
Human 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Human 
Human 
Human 
Human 
Bovine 
? 
Human 
Bovine 
Human 
Human 
Human 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Human 
Human 
Morphological 
test. 
Human 
? 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
? 
Bovine 
Bovine 
Bovine 
? 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
? 
Bovine 
Bovine 
Bovine 
Human 
? 
Bovine 
Bovine 
Bovine 
Human 
Human 
Bovine 
Bovine 
? 
? 
? 
Bovine 
? 
Bovine 
? 
Human 
Bovine 
Human 
Human 
? 
? 
Bovine 
Mixed 
Bovine 
Bovine 
Human 
Human 
Human 
Human 
Bovine 
Human 
Human 
Bovine 
Human 
Human 
Human 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Human 
Human 
Characters of organism. 
:Glycerin test.  Smith's test. 
Human  Human 
Human  Human 
Human  Human 
Bovine  Bovine 
Bovine  Bovine 
Bovine  Bovine 
Bovine  Bovine 
Human  Human 
Bovine  Bovine 
Bovine  Bovine 
Bovine  Bovine 
Human  x  t 
Bovine  x 
Human  x 
?  x 
Bovine  x 
Bovine  x 
Bovine  x 
Bovine  x 
Bovine  x 
Human  x 
Bovine  x 
Bovine  x 
Bovine  x 
Bovine  x 
Human  x 
Bovine  x 
Bovine  x 
Bovine  x 
Bovine  x 
Human  x 
Human  x 
Bovine  x 
Bovine  x 
Bovine  x 
Human  x 
Bovine  x 
Bovine  x 
Human  x 
Bovine  x 
Bovine  x 
Human  x 
Bovine  x 
Human  x 
Human  x 
Bovine  x 
Bovine  x 
Bovine  x 
Human  x 
Bovine  x 
Bovine  x 
Human  x 
Human  x 
Human  x 
Human  x 
Bovine  x 
Human  x 
Human  x 
Bovine  x 
Human  x 
Human  x 
Human  x 
Bovine  x 
Bovine  x 
Human  x 
Bovine  x 
Bovine  x 
Bovine  x 
Human  x 
Human  x 
Inoculation 
test. 
Human 
Human 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Human 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Human 
Human 
Human 
Bovine 
Human 
Human 
Bovine 
Human 
I  Human 
Human 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Human 
Human 
General con- 
clusion. 
Human 
Human 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Bovine 
Human 
Human 
and 
bovine  ~ 
Bovine 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Human 
Bovine 
Human 
Human 
and 
bovine' 
Bovine 
Bovine 
Bovine 
Bovine and 
human  4 
Bovine 
Bovine 
Human 
Human 
Human 
Human 
Bovine 
Human 
Human 
Bovine 
Human 
Human 
Human 
Bovine 
Bovine 
Human 
Bovine 
Bovine 
Bovine 
Human 
Human 
1 (_)  denotes  the  absence of  evidence  of  tuberculosis  in  the  family  history. 
*(x)  denotes that the test was not applied. 
s Tubercle  bacilli  were  actually  found  in  the  cow's  milk  by  Dr.  Mitchell,  working in this laboratory. 
"The  conclusion that  two varieties  of organism occurred  in  this  case  was based  upon the reaction of the  glycerin  test  (human)  and  the  inocu- 
lation  test  (bovine). John Fraser.  437 
amount  for inoculation may be obtained by the volumetric method 
or by weight.  The volumetric method is that recommended by the 
British Commission  (18) : 
"The  doses  of  culture  have  been  estimated  volumetrically in  the  following 
way:  the  growth  from  the  surface  of  each  serum  tube  is  scraped  off  with  a 
platinum  spatula  and  emulsified  with  a  drop  or  two  oL sterile  salt  solution 
between  sterilized  ground  glass  plates;  the  thick  resulting  emulsion  is  diluted 
with  salt  solution  and  run  into  a  sterile  test  tube  ....  The  emulsion  is  vigor- 
ously  shaken  and  put  aside  for  half  an  hour  to  allow  all  the  large  clumps  of 
bacilli to settle.  The supernatant  fluid is then  decanted  into a  separate  test tube 
and  accurately  graduated  capillary  tubes  are  immediately  filled  from  it.  The 
tubes  after  being  sealed  at  both  ends  are  centrifuged  until  all  the  culture  has 
accumulated  at  the  bottom  of  each  tube  in  the  form  of  a  small  column;  the 
length of the column of bacilli and  that  of the combined  columns  of  bacilli and 
fluid  in  each  tube  are  then  carefully  measured,  the  average  is  taken  and  ex- 
pressed  as  a  ratio.  Having determined  the relative amounts  of bacilli and  fluid 
with emulsion, the amount of emulsion necessary for a  given dose can be readily 
calculated.  For  example,  if  a  dose  of  io  mgm.  is  required  and  the  emulsion 
contains  I  volume  of  bacilli  in  4o,  0.4  cubic  centimeter  is  taken." 
In the weight estimation,  the bacilli are scraped off the culture, 
and  as  a  preliminary are  dried  over  sulphuric  acid;  the  bacterial 
mass  is  weighed  upon  a  delicate  balance  to  the  extent  of  one 
milligram.  This amount of culture is emulsified, and the emulsion 
diluted to the extent of one hundred cubic centimeters with sterile 
saline.  One  cubic  centimeter of  this  amount  is  inoculated  intra- 
venously into the ear vein.  In dealing with such small amounts a 
considerable margin of error must necessarily be allowed for; .with 
the use of o.oi of a milligram of bacilli the test is absolute. 
ANALYSIS  OF  CASES. 
Each case was systematically worked out upon the lines which I 
have detailed, and evidence of the identity of the bacillus  accumu- 
lated until a  final conclusion could be reached regarding the class to 
which the organism belonged.  It would be tedious and unnecessary 
to  state  the progress  of  separation  in  each  individual  case,  and  I 
have  therefore  tabulated  the  facts,  evidence,  and  result  in  the 
following tables. 
There were seventy cases in all; in individual columns are given 
the necessary facts regarding disease, age,  family history, and milk 
supply.  The  result  of each  test  is  given  and  the  final conclusion 
stated  (table  I). 438  Tubercle Bacilli in Bone and Joint Tuberculosis. 
DISCUSSION  OF  RESULTS. 
Type  of  Organism.--Bacteriological  studies  of  bone  and  joint 
tuberculosis have been recorded by the  British  Royal Commission 
(I9),  fourteen cases; Park and Krumwiede (8),  seventeen cases; 
and Buckhardt  (2o), twenty-nine cases. 
Of  the cases investigated by the Commission one was that of  a  girl of  four- 
teen years;  the others  were  adults.  The  Commission  results  showed  that  thir- 
teen cases were due to  the human bacillus; the last of the  series  contained both 
the  human and the bovine bacillus. 
Park  and  Krumwiede's  cases  were  without  exception  due  to  the  human 
bacillus.  Six  of  the  cases  were  children  under  five  years  of  age;  ten  were 
children  whose  ages  ranged  from  five  to  sixteen  years;  a  single  case  was 
an adult. 
In  Buckhardt's  series,  thirteen  cases  were  under  twelve  years  of  age;  ten 
ranged  from  thirteen  to  twenty-one years;  the  remainder  were  adults.  Buck- 
hardt found that three cases of joint tuberculosis  contained the bovine bacillus; 
the  respective  ages  were  eleven,  nineteen,  and  fourteen  years. 
Kossel, Weber, and Heuss examined a  series of thirty-six cases;  twelve cases 
were obtained from adults and each contained the human bacillus.  Twelve cases 
were children from five to sixteen years old;  one of  these was due to the bovine 
bacillus.  Thirteen  cases  of  children  under  five  years  were  due  to  the  human 
bacillus. 
A  small  series  of  investigations  (three  cases)  has  been  carried  out  by 
Henschen,  JundeU,  and  Svensson  (21).  All  the  cases  examined  were  human 
in character. 
The results which I  have to offer are in many respects different 
from those which I  have quoted.  Out  of  a  total  of  seventy in- 
vestigations, in forty-one instances the bovine bacillus was present, 
in  twenty-six cases  the  human bacillus,  and  from  the  remaining 
three cases both the human and bovine bacilli  were isolated.  The 
outstanding feature is the large proportion of cases which owed their 
origin to  infection by the bovine bacillus.  Correlated with  these 
results and to  a  certain extent explanatory of them, are questions 
of age, family history, milk supply,  and environment; and I believe 
that these 'are the special  factors which explain the differences pre- 
sented  by  my  series  as  compared  with  the  results  of  other  in- 
vestigators. 
Age  o)  ~ Patients.--With  three  exceptions the  cases  were those 
of  children twelve years of  age  and  under.  In  no  experimental 
work which I  have seen has the age limit been a  feature.  To my John Fraser.  439 
mind it  is valuable to have a  series confined to  the early years of 
life,  for two reasons.  The first is that a  large proportion of chil- 
dren of this age are nourished in whole or in part upon cow's milk. 
The  second  is  that  the  capacity  for  resistance on  the  part  of  the 
mesenteric lymphatic system is less in early childhood than in later 
life.  That this is recognized by clinicians is borne out by numerous 
investigators.  Dr.  John  Thomson  (22)  has  pointed  out  that  the 
percentage  of  abdominal tuberculosis  among  children admitted  to 
the Edinburgh  Sick Children's  Hospital,  from which many of my 
cases were derived, ranges from 3 to 4  per cent., while in  Glasgow 
the percentage is even higher ; namely, 4 to 5 per cent.  The correla- 
tion between these observations and my own points to the prevalence 
of an infection of the milk by the bacillus of bovine tuberculosis. 
I  have tabulated the cases according to age and the type of in- 
fection (table II).  It will be noted that during the first three years 
of life the majority of the cases occurring were due to the bacillus 
of bovine tuberculosis. 
TABLE  II. 
Bovine and 
Age.  No. of cases.  Bovine bacillus. Human bac~lus,  human  bacilli. 
To  i  year 
Years  1-2 
Years  2-3 
Years  3-4 
Years  4-5 
Years  5-6 
Years  6-7 
Years  7-8 
Years  8-9 
Years  9-Io 
Years  10--11 
Years  11-12 
Adults 
4 
I2 
I5 
IO 
6 
3 
5 
6 
I 
I 
3 
I 
3 
4 
8 
II 
6 
3 
3 
4 
I 
I 
2 
3 
4 
3 
3 
2 
2 
I 
I 
2 
3 
2 
I 
It is  interesting to note that the cases of adult bone tuberculosis 
were due to a  human infection. 
Family  History.--In every case investigated, the  family history 
was  carefully inquired  into  and  it  was  found  that  in  twenty-one 
instances  there  was  a  history  of  pulmonary  tuberculosis  having 
occurred in  some member of  the  patient's  family; and  in  5  °  per 
cent.  of these cases the child was actually living in  contact with a 
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is given to the  fact when it is  found that  fifteen of these cases,  or 
71 per cent., were due to the bacillus of human tuberculosis.  I have 
no  doubt that  in  such  cases there  was  a  direct  infection  from  the 
consumptive  to  the  child.  This  is  a  fact  which  might  be of  con- 
siderable use as an argument  for the compulsory isolation of phthisis 
cases. 
I have tabulated these facts in table Ill. 
TABLE  III. 
Human bacillus. 
History of tuberculosis in family .............  15 
No history of tuberculosis in family .........  9 
Bovine  bacillus. 
6 
43 
Percentage of 
human strains. 
71 per  cent. 
17  per cent. 
Milk Supply.--With such a  considerable proportion of cases due 
to  infection  by  the  bovine  bacillus,  the  question  of  milk  supply 
becomes of great importance.  There can be no doubt that milk was 
the medium through  which infection occurred.  In the list which I 
have compiled there are a number of children less than one year old ; 
in each of these cases the bovine bacillus was the organism  present 
and  each had  been entirely nourished upon cow's milk.  The  same 
lesson  is  obvious  throughout;  in  the  group  of  cases,  the  ages  of 
which  range  from  one  to  two years,  twelve  in  number,  there  are 
eight which owed their origin to the  bovine bacillus, and every one 
of  the  number  had  'been  nourished  from  birth  upon  cow's  milk. 
Two cases in this  series contained  both human  and  bovine bacilli; 
each  had  been  nourished  upon  cow's  milk  and  each  showed  a 
family  history  of  pulmonary  tuberculosis.  It  was  instructive  to 
note  that  in  no  case  investigated  had  any  attempt  been  made  to 
ensure the purity  or sterility  of the milk. 
CONCLUSIONS. 
The  all  important  point  revealed by the  investigation  is the  fact 
that  a  large proportion  of bone and  joint tuberculosis occurring  in 
children  in  Edinburgh  owes  its  origin  to  infection  by the  bovine 
bacillus, 
The  bovine bacillus  is  introduced  into  the  system practically  by John  Fraser.  441 
one  route  only,  that  of  ingestion,  and  the  medium  with  which  it 
is ingested is cow's milk.  It is not my intention to criticize in any 
way the existing conditions of milk supply.  I  have furnished proof 
of what is actually occurring and no one will deny that the evil is a 
remediable  one. 
In  those  cases  in  which the  human  bacillus  was  present,  a  con- 
siderable proportion showed a definite history of pulmonary tubercu- 
losis  affecting a  co-resident,  and  every  fact went to prove that  the 
infection  had  been a  direct  one  from  patient  to child. 
A  complete distinction  can be drawn between human  and bovine 
bacilli, and the distinction is best secured by subjecting the organism 
to a  series of tests  such as I  have  detailed. 
The  subject is one which  ought to be investigated  in a  series of 
different  localities.  It  is  possible  that  the  locus  may  be  a  factor 
in the  explanation  of the  difference between the  above results  and 
those of other observers. 
In conclusion I  wish to acknowledge my indebtedness to Mr.  H. 
J.  Stiles,  Surgeon  to  the  Sick  Children's  Hospital,  for  permission 
to  obtain  and  use  material,  and  for  his  valuable  assistance  and 
advice;  to  Dr.  James  Ritchie,  Superintendent  of  the  Laboratory 
of  the  Royal  College  of  Physicians,  Edinburgh,  for  much  help 
and  guidance;  to the Trustees  of the McCunn  Research Fund  and 
to the Carnegie Trustees for the funds which defrayed the expenses 
of the investigation. 
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